Introduction
============

The incidence of children\'s renal cell carcinoma (RCC) is low. This disease affects 2.2 in 100,000 individuals, and the age of onset is usually older than 5 years, but the prognosis is poor ([@b1-ol-0-0-9571]). Malignant kidney tumor in children is mainly nephroblastoma ([@b2-ol-0-0-9571]). Some studies ([@b3-ol-0-0-9571]) have pointed out that chromosome Xp11.2 translocation induced-fracture of transcription plays an important role in the development of RCC in children, suggesting that the occurrence of RCC in children may be related to genetic variations. Recent studies shown that tumor suppressor gene phosphatase and tensin homolog deletions on chromosome ten (PTEN) is closely related to the occurrence and development of multiple malignant tumors such as glioma ([@b4-ol-0-0-9571]), breast cancer ([@b5-ol-0-0-9571]), liver cancer ([@b6-ol-0-0-9571]), colon cancer ([@b7-ol-0-0-9571]) and prostate cancer ([@b8-ol-0-0-9571]), and plays an important role in the inhibition of cell proliferation, cell migration and cell adhesion ([@b9-ol-0-0-9571]), and induction of apoptosis ([@b10-ol-0-0-9571]), embryonic development ([@b11-ol-0-0-9571]) and angiogenesis ([@b12-ol-0-0-9571]). PI3K/AKT is an important downstream target of PTEN, and PTEN/PI3K/AKT cell signaling pathway may play an important role in the occurrence and development of multiple tumors. This study investigated the expression pattern of PTEN and PTEN/PI3K/AKT cell signaling pathway in RCC in children.

Patients and methods
====================

### Patient information

A total of 5 cases of RCC (observation group) in children and 10 cases of benign renal tumors (control group) diagnosed by pathological examinations were selected in Zibo Maternal and Child Health Care Hospital (Zibo, China) from June 2013 to June 2017. There were 3 boys and 2 girls in the observation group, with an age range from 5 to 10 years, with an average age of 7.5±2.3 years. For clinical tumor TNM staging, there were 2 cases of Stage I--II and 3 cases of Stage III--IV. The maximum tumor diameter ranged from 1.3 to 4.3 cm, with an average maximum tumor diameter of 2.7±1.5 cm. There was no significant difference in sex, age and maximum tumor diameter between the two groups (P\>0.05).

The study was approved by the Ethics Committee of Zibo Maternal and Child Health Care Hospital and the parents/guardians of the children signed the informed consent.

### Research methods

Tumor specimens were obtained by surgery, and preserved in −70°C liquid nitrogen. The expression of PTEN mRNA in tumor tissue was detected by reverse transcription-quantitative polymerase chain reaction (RT-qPCR). The protein expression of PTEN, PI3K and AKT in tumor tissues was detected by western blotting. The relationship between the expression level of PTEN mRNA and the clinical features of RCC was analyzed. The procedure was repeated 3 times.

### RT-qPCR method

Total RNA was extracted using TRIzol reagent (Beijing Zhongshan Goldenbridge Co., Ltd., Beijing, China) according to the manufacturer\'s protocol. RNA quality was checked by 1.5% agarose gel electrophoresis. SYBR-Green I real-time fluorescence PCR kit were used (Thermo Fisher Scientific, Inc. Waltham, MA, USA). Total RNA (2 µg) was used in reverse transcription as template to synthesize cDNA according to the manufacturer\'s protocol of the reverse transcription kit (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany). Then, 2 µl cDNA was used in PCR reaction. Primers were synthesized by Sangon Biotech (Shanghai) Co., Ltd., Shanghai, China. Primers used in PCR reactions were: 5′-TTGATTGCATCTCCATCTCCT-3′ (forward) and 5′-AAGAGATGGCCACGGCTGCT-3′ (reverse) for β-actin, and length of PCR product was 421 bp; primer: 5′-TTGATTGCATCTCCATCTCCT-3′ (forward) and 5′-TTCGCTTTCTCTGAGCATTCT-3′ (reverse) for PTEN, and length of PCR product was 249 bp. Reaction conditions were: 94°C for 2 min, followed by 30 cycles of 94°C for 30 sec, 56°C for 30 sec and 72°C for 1 min. PCR product (6 µl) was subjected to 1.5% agarose gel electrophoresis, and gray value quantification was carried out with ultraviolet imaging system (Olympus, Tokyo, Japan). The data was quantified using the 2^−ΔΔCq^ method ([@b13-ol-0-0-9571]).

### Western blotting

Total protein was extracted from tumor tissue, and then protein samples were subjected to 10% SDS-PAGE gel electrophoresis. The PVDF membranes were blocked and incubated with mouse anti-human monoclonal PTEN, PI3K and AKT protein primary antibodies (1:2,000; cat. nos. P3487, SAB5300225 and SAB4100001; Sigma-Aldrich; Merck KGaA), overnight at 4°C. After washing with phosphate-buffered saline (PBS), membranes were incubated with rabbit anti-mouse polyclonal anti-immunoglobulin G (anti-IgG) secondary antibody (1:500; cat. no. SAB3701023; Sigma-Aldrich; Merck KGaA) at 37°C for 4 h. Signal detection was performed by ECL (Jiangsu Beyotime Biotechnology Co., Ltd., Jiangsu, China) method, and signals were analyzed using image analysis software (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) to calculate the gray values of each group, and expression of each protein was normalized to endogenous control β-actin.

### Statistical analysis

Statistical Product and Service Solutions (SPSS Inc., Chicago, IL, USA) 20.0 software was used for statistical analysis. Measurement data were expressed as mean ± standard deviation, and independent sample t-test (Student\'s t-test) was used for comparisons among groups. Enumeration data were expressed as cases or (%), and χ^2^ test was used for comparisons among groups. P\<0.05 indicated that the difference was statistically significant.

Results
=======

### Comparison of PTEN mRNA expression level among groups

The expression level of PTEN mRNA in the observation group was significantly lower than that in control group (P\<0.05) ([Fig. 1](#f1-ol-0-0-9571){ref-type="fig"}).

### Comparison of protein expression levels of PTEN, PI3K and AKT among groups

Protein expression levels of PTEN, PI3K and AKT in observation group were significantly lower than those in control group (P\<0.05) ([Fig. 2](#f2-ol-0-0-9571){ref-type="fig"}).

### Relationship between expression levels of PTEN mRNA and clinical features of RCC in the tissue

Expression levels of PTEN mRNA decreased with the increased clinical stages of RCC (P=0.003), and were not related to sex (P=0.865), age (P=0.765) and maximum tumor diameter (P=0.649) ([Table I](#tI-ol-0-0-9571){ref-type="table"}).

Discussion
==========

Although clinical incidence of RCC in children is relatively low, prognosis is very poor. Pathogenesis of RCC in children is still unclear. Some studies have shown that occurrence of RCC is closely correlated with genetic variation ([@b14-ol-0-0-9571]). In this study, expression levels of PTEN mRNA in observation group were significantly lower than those in control group, protein expression levels of PTEN, PI3K and AKT were significantly lower in observation group than those in control group expression level of PTEN mRNA decreased with the increased clinical stages of RCC, and was not related to the sex, age and maximum tumor diameter. Therefore, it is speculated that reduced expression level of tumor suppressor gene PTEN and the inhibition of PTEN/PI3K/AKT cell signaling pathway was very likely to be involved in the occurrence and development of RCC in children.

PTEN is located on chromosome 10q23, and its reduced expression level is related to tumorigenesis ([@b15-ol-0-0-9571]). *In vitro* experiments showed that PTEN could rapidly block the cell cycle arrest in G1 phase and induce cell apoptosis ([@b16-ol-0-0-9571]). PTEN can also inhibit the expression of PIP3 and block PI3K/AKT signaling pathway ([@b17-ol-0-0-9571]), alter cell morphology, downregulate actin filament protein expression, and participate in tumor cell migration and local adhesion ([@b18-ol-0-0-9571]). The multiple biological activities of PTEN were achieved through focal adhesion kinase (FAK), PIP3, mitogen activated protein kinase (MAPK), cyclin and other signaling pathways. Zhang *et al* ([@b19-ol-0-0-9571]) have shown that PTEN can dephosphorylate FAK, downregulate the expression of downstream target gene p130CAS of FAK, thereby inhibiting tumor growth, infiltration and metastasis. PTEN can also affect the activity of FAK then inhibiting the activation of PI3K/AKT pathway. PIP3 is transformed into PIP2 by dephosphorylation, thereby blocking PI3K/PKB/AKT pathway, and regulating cell proliferation and apoptosis ([@b20-ol-0-0-9571]). PIP3 is an important reaction substrate of PTEN, so expression of PIP3 protein is closely related to active state of lipid phosphatase ([@b21-ol-0-0-9571]). Some studies have pointed out that ([@b22-ol-0-0-9571]) PTEN can inhibit the biological activity of extracellular regulated protein kinases (ERK) in MAPK pathway. PTEN can regulate the expression of cyclin-dependent protein kinase (CDK). Overexpression of PTEN can dephosphorylate substrate retinoblastoma protein (pRb), and moreover combine with transcription factor E2F to significantly reduce cell proliferative potential ([@b23-ol-0-0-9571]). Some studies have shown that ([@b17-ol-0-0-9571],[@b24-ol-0-0-9571]) PTEN/PI3K/AKT cell signaling pathway can activate kinase system, and then regulates expression of multiple cytokines such as VEGF and hypoxia inducible factor 1α (HIF-1α), so as to participate in tumorigenesis. Activation of AKT depends on upstream PI3K. PI3K can regulate cell metabolism, cell proliferation and cell apoptosis. AKT is the central downstream effector of PI3K. The activated AKT can phosphorylate multiple proteins to participate in cell growth, cell development and vascular regulation. AKT activity is closely related to neuronal cell death. AKT promotes cell apoptosis through the opposite effect of PTEN. AKT activity may decrease with time. The long-term specimen preservation may affect experimental results.

Regarding AKT phosphorylation, the occurrence and development of renal cell carcinoma is related to various growth factors such as platelet-derived growth factor (PDGF) and epidermal growth factor (EGF), while AKT phosphorylation is mainly regulated by P13K-AKT. AKT is translocated into the plasma membrane and then binds to PtdIns(3,4,5)P3 or PtdIns(3,4)P2 generated by P13K activation to be phosphorylated, whereas PtdIns(3,4,5)P3 and PtdIns(3,4) P2 are active factors and can easily react with various cellular factors. In the course of the preservation of the specimens in this experiment, it was not ruled out that the phosphorylation ability of AKT varied due to the activation of the two factors. Thus, we did not focus on the phosphorylated AKT, we will work on this problem in the following study.

RT-qPCR was performed due to the limited resources, which can cause errors in our data. Incidence of renal cell carcinoma in children is not high, and only 8 patients were admitted by our hospital in past 3 years. Among those 8 cases, 3 patients were transferred to other hospitals during treatment, so we cannot include them in this study; therefore, only 5 tumor samples were utilized in this study, which is a limitation. Pediatric renal cell carcinoma is an incurable disease that is extremely rare in clinical practice. Studies on the pathogenesis, diagnosis, and treatment methods of this disease are also rare. PTEN plays pivotal roles in this disease and may serve as a potential target for the treatment. The small sample size may affect the reliability of our data. We will try to include more participants in our future studies to further confirm our conclusions.

Results of this study showed that PTEN is very likely to be involved in the occurrence and development of RCC in children. Our study provided references for the diagnosis of RCC and development of targeted therapy.
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The relationship between expression level of PTEN mRNA and clinical features of RCC in the tissues.

  Clinical features          Cases   PTEN mRNA       t value   P-value
  -------------------------- ------- --------------- --------- ---------
  Clinical stages                                    10.326    \<0.001
    I--II                    2       0.4326±0.1322             
    III--IV                  3       0.2053±0.0968             
  Age (years)                                          0.152   0.865
    \<7.5                    2       0.2465±0.0865             
    ≥7.5                     3       0.2596±0.0759             
  Sex                                                  0.263   0.765
    Boys                     3       0.2365±0.0965             
    Girls                    2       0.2642±0.0825             
  Max tumor diameters (cm)                             0.325   0.649
    \<2.9                    3       0.2323±0.0854             
    ≥2.9                     2       0.2706±0.0926             
